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TR ANSPARENT SUPERHY DR OPwrVRTf ? COATING 



Technical Field 



The invention relates to the technology of coatings. In particular, the invention relates 
to a method of forming superhydrophobic coatings on the surface of a substrate, and 
superhydrophobic coatings produced by the method. 

10 Background Art 

Wettability is an indicator of the affinity of a solid surface for a liquid. The wettability 
of a surface is dependent on both the physical and chemical heterogeneity of the 
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surface. 

The contact angle © made by a droplet of liquid on the surface of a solid substrate is 
used as a quantitative measure of the wettability of the surface. If the liquid spreads 
completely across the surface and forms a film, the contact angle 9 is 0°. If there is any 
degree of beading of the liquid on the surface, the surface is considered to be non- 
wetting. 

A surface is usually considered to be hydrophobic if the contact angle of a droplet of 
water is greater than 90°. Coatings on which water has a contact angle greater than 90° 
are referred to as hydrophobic coatings. Surfaces with water contact angles greater than 
1 30° are commonly referred to as superhydrophobic. Similarly, coatings on which 
water has a contact angle greater than 1 30° are commonly referred to as 
superhydrophobic coatings. 



Hydrophobic surfaces have little or no tendency to absorb water and water forms a 
discrete droplet on the surface. An example of a hydrophobic surface is a 
30 polytetrafluroethylene (Teflon™) surface. Water contact angles on a 

polytetrafluoroethylene surface can reach about 1 15°. This is about the upper limit of 
hydrophobicity on smooth surfaces. The contact angle of a droplet of water on a surface 
can be increased, however, by causing the surface to become physically roughened. 

35 If the surface is rough or heterogeneous there are usually two contact angles that can be 
measured. Tilting the substrate until the droplet is about to roll off illustrates this 
phenomena. The contact angle of the leading edge of the droplet represents the largest 
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The contact angle hysteresis of water indicates th* ctok-i * , 
^thelowerthecontactangleZer^th?, " t ^'***#*<*'**<*** 
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Disclosure r>f the Tnvmttjvg 

surftctant, water and an organic solvew 

and «. organ* soWen, are reeved Son, fc ^ ^ J^J^ 
(d) e^T^ »— bound together md to the surface, and 

,0 ^ b ^r3^ iCMatog ° ntteS ^° n " Md '«->--n«ac, 
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(b) 
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flight ^^ toUb0 ^ byamxyfitisM . 

j^cb of to decomposable ^ h 

In a second aspect, the present invention provides a coating formed by the method 
accordxng to the first aspect of the present invention. ^emeth 

3 In a third aspect, the present invention provides an nhi'pri v> • 

porta of* 6 is coated with a ^^00^^;^ * 
to to first aspect of to present invention. m 8 K*™x> »y to method accordmg 

■ ^^nto^^ 
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particles. When the particles of the JZ7r * nd 0M or more 
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dimethylsiloxane copolymer (silanol terminated) andvmvW*, , •, 
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In other embodiments, the linking « - ~ 

of to parted materia. Such a linking ^JZ^^I 7 " """^ ""^ 

ahanda covalently bound to tie surface ami „ by P ° 1,mer 

■nay for example.be s^Jjf^Tt S<Kb ^^ 

. and vmyMacetoxyailane. ^Bn^etoxyaUane, ethyhriaeetoxyailane 

to conmrions ^^ZtTnnaT 7 " °' W - —* 

The particulate material may consist f>f«ow,«i« 1. • 

particles have diameters witbir, th* nn *T ^eterably, at least some of the 

morepnaferablyintherangeofflon, 1 nmto im 1 ° / -"otoSOO^n, 
*» 1 mn to , ^aBan-oxepreferi^^oTrT !yiD,heranSe0f 
- P-fen*Iy u, the range of from 5 nT^oT T 1 ™"° ><>0 arui even 
the particulate material consists of Darticl!* h ^"topreftaed embodiments, 

the range of fiom 1 nm ^ ^ ^ *• » 

*°-Se»oto5nmTs7nX«a^ 



sutca. Ahhough sUica and silica-based particulate material* are preferred, other 
pamoate material which has an appropriate particle siae could be used Examples of 

gtaparticlesand^ctof 

. Anuxture of two or more types of particulate materials can be used, eg , mixture of 
silicapartrclesandparticlesofametaloxide. gamixtureor 

-^H^^^*"^ ""^^oftnepssaculatematerim 
-moMrd by comae, with a surface modifier capaote of reacung with me pardcleTto 
Chance me ctantca! hydrophobic!* of me particles, and thus the coating foLed by 

h m ^^? eP ^ toVm ^ T ^.^^calhydrophobici,yr 
-h«* * me surfcce modifier renting with a hydrophihc gLp on th^le of me 
» te remove the hydrophilic group or to convert the hydropic group to a 
hy^phomc ^oup. The surface modife may also react wim the surfTof the 
» te fcm fimoaona. groups on the surface of the particles to ftcuitate me 
ta*ng of me partrcles te a linking agent in step (c) of me memod of the present 

Tie particulate material may be contacted with the surface modifier prior to the 
formatton of me emulsion a, step (a) of the memod. Altemafively, I suit modifier 
may be mchtdedtnthe emulsion. Accortung.y, i. some emblems of me 
mventton, me^ulsion flutter enmprises asurftcenrndmereapahteof^m^L 

The surfhee modifier may for example be a compound containing one or more 
-densahoncure gK)npsmdoneormorehydropliob . « 

enndensafion cure gmups may include one or more of the flowing gmupt ZL, 

formuta StR<OAc)„ where R is a hydtophobtc group such as an alkyi group („ 
memyl or ethyl), vinyl or trifluoropropyl ami Ac is a acetyl gnmp ^ ' * 

ajJZT r^""" 1 may ^ 85 a ^ agent and a surfte. modifier or 

The decomposable surfactantmav be am, H „ - - . 

ie of fonmng an emulsion of 
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the particulate material, the organic solvent and water and which 
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temperetures for a time sufficient for aU or substantially all ofthe water and the organic 

ST k e T,° ratt t *" COa * 18 ' -* fM "» °f*c partMate matenal Co 

become bound together and to the surftce. 

» When a monomer such as metoyMacotoxysilane is used as a linking agent, stop (c) 
„ *-f mating to a temperature and for a time effeouveTo 

evaporate aU or subaannaUy all of me water and toe organic solvent from the coafing 

^d^rsur^e 8aSOT,tobMaeP ^ 0ftoP ~^^ 

^c) may invoke exposing the coating to one set of conditions to remove all or 
substonhally all of the water and the mganic solvent ftom the coating and exoosin* to. 

to become bound together and to the surface. 

!!l ( l 0 ^T 0d0fto ^ ta ^ 1VK ^ osto *' ta «'^'° ^ons 
underwmchmedecomposablesurfactantdecomposes. 

When medecomposabto surfactant is a surftaan, sue „ ^ modified 

polydunethytaloxane or polyethoxylato modified polydimemylsfioxan. which 
deposes a, ^ ^ tmperatareSi ^ (d) com ^ 

co^gto a tomperamre etftcove to cause d^osition of toe decomposable 

it some embodiments of the present invention, fire emulsion further comprises a 

of such acatolys, is photocatolyric ntomum dioxide. Photocatolyric ritorumnX^b 

par. of the peculate material. fc such a cose, the titanium dioxide catoL typicallv 
oompnsos about 2-10% by weigh, of toe particulate material. Ifsuch ae^Sd 

2£ 71? T7 *" COa,fa8 '° Mnditi ™ to -use me ' 

catolyst to catalyse tie decomposition of toe decomposable surfactant 

tw_t„ .v tovention, step ( c ) B camed out p rior to st .» 

ftaftmbly, toe peculate material, toe decomposable surlhctent, toe o^c solvent 
dtelmkmgagem, if any, end toe catolyst tor catolysing fredec^^. 
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surfactant, if any, are selected such that steps (c) and (d) can be carried out 
simultaneously. 

A particularly preferred particulate material is flame-hydrolysed silica powder, such as 
that commercially available as Aeorsil™ silica power from Degussa Limited, 
comprising particles having a primary size in the range of 5 nm to 10 nm. Flame- 
hydrolysed silica particles contain hydrophilic silanol (=Si-OH) functional groups on 
the surface of the particles. In preferred embodiments of the method of the invention 
these functional groups are converted to hydrophobic siloxane groups (sSi-O-Sis) 
either by reaction with a surface modifier or by reaction with a linking agent 

In a preferred embodiment of the present invention, the particulate material comprises 
flame hydrolysed silica particles, the decomposable surfactant is polyether modified 
polydimethylsaoxane or polyethoxylate modified polydimethylsiloxane, and the 
emulsion includes methyltriacetoxysilane. In this embodiment of the present invention 
the methyltriacetoxysilane acts both as a surface modifier to increase the chemical 
hydrophobicity of the silica particles and also acts as a linking agent During the 
method of the invention, the methyltriacetoxysilane forms polymer strands linking the 
silica particles together and to the surface. In this embodiment of the invention, steps 
(c) and (d) can be carried out by heating the coating to about 450°C. 

The method of the present invention has an advantage in that by using an emulsion of 
an organic solvent in water, the method involves the use of less volatile organic 
compounds than some prior art methods of preparing superhydrophobic coatings. In 
addition, the emulsion is easier to handle than a slurry of particulate material in an 
organic solvent In addition, the decomposition of the decomposable surfactant 
enhances the roughness of the surface of the coatings formed by the method of the 
present invention, contributing to the hydrophobicity of the coating. Further, in some 
embodiments, the coatings formed by the method of the present application are 
transparent. 

The hydrophobicity of the coatings formed by the method of the present invention is 
due to a combination of both the chemical hydrophobicity of the surface of the coating 
and the physical surface structure of the surface of the coating. Accordingly, during the 
method of the present invention, the particles of the particulate material, if not initially 
chemicaUy hydrophobic, typically become chemically hydrophobic. The particles of 
the particulate material may become chemically hydrophobic as a result of the particles 
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binding to other particles, reacting with a linking group, or reacting with a surface 
modifier. Similarly, it is preferred that if a linking agent is used, the linking agent 
reacts with the particles, the surface modifier or other molecules of the linking agent to 
form chemicaUy hydrophobic groups, such as hydrophobic polymer strands, linking the 
particles together and to the surface. 

The method of the present invention can be used to form coatings on the surface of a 
wide variety of substrates including metals, alloys, glasses, ceramics, composites, 
fabrics, and other materials. 

The hydrophobic coatings formed by the method of the present invention have many 
applications. For example, the hydrophobic coatings can be used to render surfaces of a 
substrate water resistant or water proof. Such coatings can also be used to reduce icing 
and fouling of surfaces of a substrate. Such coatings can also be used to render a 
surface resistant to attachment by water soluble electrolytes, such as acids and alkalines 
or other material, such as dirt or microorganisms. 

Transparent hydrophobic coatings produced by the method of the invention have many 
practical applications, such as coatings for eye glasses, optical lenses, cover glasses for 
solar cells, wind shields of automobiles, use on traffic signs or lights, windows, rninors 
tiles etc. ' 

The invention will now be described by reference to the following non-limiting 
examples. 

Example 1 

A hydrophobic coating was prepared using the following procedure: 

• The following components were mixed together 

0.05g of polyethoxylate modified PDMS (hydroxy terminated) 
0.01 7g of methyltriacetoxysilane 

1.045g of fumed silica powder (having a primary particle size of 5 to 50 nm) 
3.33ml of hexane 
0.85ml of water 

• The mixture was mixed vigorously and vibrated in an ultrasonic bath for 30 minutes 
to disperse the particles and form a uniform emulsion. Vibration frequencies of 
about 40kHz were used. 



10 



30 



35 



- 12 - 

• The emulsion was removed from the ultrasonic bath. 

• Drops of the emulsion were deposited onto the surface of a glass substrate using 
spm coating. Dip coating or spray coating could alternatively have been used to 
deposit the emulsion onto the Surface. 

• The coated substrate was placed in oven at a temperature of about 450°C for 30 
minutes forming a hydrophobic coating on the surface of the substrate. 

The contact angle and contact angle hysteresis of water and the transmittance of the 
coating were then measured. The contact angle and contact angle hysteresis were 
measured using an automated contact angle instrument goniometer (made by Rame- 
hart. Ihc). The transmittance was determined by visible spectral analysis. 

Contact angle: 165° 
Hysteresis: io° 
15 Transmittance: 96% 

Example 2 

A hydrophobic coating was prepared using the following procedure: 

20 •The following components were mixed together: 

0.05g of polyethoxylate modified PDMS (hydroxy terminated) 
0.017g of methyltriacetoxysilane 

0.067g of fumed silica powder (having a primary particle size of 5 to 50 nm) 
0.83ml of hexane . 
25 3.33ml of water 

. The mixture was mixed vigorously and vibrated in an ultrasonic bath for 30 minutes 
to disperse the particles and form a uniform emulsion. Vibration frequencies of 
about 40kHz were used. 

• The emulsion was removed from the ultrasonic bath. 

. Drops of the emulsion were deposited onto the surface of a glass substrate using 
spm coating. Dip coating or spray coating could alternatively have been used to 
deposit the emulsion onto the surface of the glass substrate. 

• The coated substrate was placed in oven at a temperature of about 450°C for 30 
minutes forming a coating on the surface of the glass substrate. 

The contact angle and contact angle hysteresis of water and the transmittance of the 
coating were then measured. The contact angle and contact angle hysteresis were 
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measured using an automated contact angle instrument goniometer (made by Rame- 
hart Inc). The transmittance was determined by visible spectral analysis. 

Contact angle: 142° 
Hysteresis: 50° 
Transmittance: 100% 

In the claims which follow and in the preceding description of the invention, except 
where the context requires otherwise due to express language or necessary implication, 
the word "comprising" and grammatical variations thereof is used in an inclusive sense, 
i.e. the features specified may be associated with further features in various 
embodiments of the invention. 



CLAIMS: 



- 14 - 



3. 



5. 



A method of forming a hydrophobic coating on the surface of a substrate, the 
method comprising the steps of: 

(a) forming an emulsion comprising particulate material, a decomposable 
surfactant, water and an organic solvent; 

(b) applying the emulsion to the surface to form a coating on the surface; 

(c) exposing the coating to conditions such that all or substantially all of 
the water and the organic solvent are removed from the coating, and 
the particles of the particulate material become bound together and to 
the surface; and 

(d) exposing the coating to conditions such that the surfactant 
decomposes; 

thereby forming a hydrophobic coating on the surface on which the water has a 
contact angle of at least 130°. 

A method accordingly to claim 1 wherein the emulsion further comprises a 
hnfang agent capable of binding to the particles of the particulate material and 
to the surface to bind the particles together and to the surface 



A method according to claim 2 wherein the linking agent is a polymer or 
mixture of polymers capable of binding to two or more of the particles thereby 
hnkmg the particles by a polymer strand, and capable of binding to the surface 
and one or more of the particles thereby linking the surface and^fae one or 
more particles by a polymer strand. 

A method according to claim 2 wherein the linking agent is a monomer or 
mature of monomers capable of forming a polymer strand linking two or more 
of the particles, and capable of forming a polymer strand linking the surface 
and one or more of the particles. 

A method according any one of claims 1 to 4 wherein the emulsion further 
comprises a surface modifier capable of reacting with at least some of the 
particles of the particulate material to increase the hydrophobicity of the 
particles. 



6. A method according to claim 5 wherein the surface modifier 



is a compound 
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containing one or more condensation cure groups and one or more 
hydrophobic groups. 

A method according to claim 6 wherein the surface modifier is a compound of 
the fonnula SiR(OAc) 3 , where R is an alkyl group, vinyl or trifluropropyl, and 
Ac is an acetyl group. 

A method according to any one of claims 1 to 7 wherein the particulate 
material comprises silica particles. 

A method according to claim 8 wherein the silica particles are flame 
hydrolysed silica particles. 

A method accordingly to any one of claims 1 to 7 wherein the particulate 
material comprises metal particles, glass particles or particles of a metal oxide. 

A method according to claim 10 wherein the metal oxide is titanium oxide 
aluminium oxide, aluminium oxide, zirconium oxide or zinc oxide. 

A method according to any one of claims 1 to 1 1 wherein the particles of the 
particulate material have an average particle size of from 1 nm to 500 um 
metres. 

A method according to claim 12 wherein the average particle size of the 
particles of the particulate material is in the range of from 1 nm to 100 um. 

A method according to claim 12 wherein the average particle size of the 
particles of the particulate material is in the range of from 1 nm to 50 nm. 

A method according to any one of claims 1 to 14 wherein the decomposable 
surfactant is polyether modified polydimethylsiloxane, polyethoxylate 
modified polydimethylsiloxane or pyridinium. 

A method according to any one of claims 1 to 15 wherein the organic solvent is 
selected from toluene, ethylacetate, xylene, hexane or diethylether. 

A method according to any one of claims 1 to 1 6 wherein step (c) involves 
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heating the coating to a temperature and for a time effective to remove all or 
substantially all of the water and organic solvent from the coating and for the 
particles of the particulate material to become bound together and to the 
surface. 

A method according to any one of claims 1 to 14 wherein step (d) involves 
heating the coating to a temperature and for a time effective to cause 
decomposition of the decomposable surfactant. 

A method according to any one of claims 1 to 18 wherein steps (c) and (d) are 
carried out simultaneously. 

A method according to any one of claims 1 to 18 wherein step (c) is carried out 
prior to step (d). 

A coating formed by the method according to any one of claims 1 to 20. 



An object having a surface at least aportion of which is coated with a 
20 ^ hoh ^^tin S fo m ^byfhomc1hod a ccor6m S to anyoneof claims 1 to 

23. A transparent hydrophobic coating on which water has a contact angle of at 
least 130°. 
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